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@ A subharmonic mixer comprises two pairs (60, 
62) of matched arrtiparailel GaAs diodes disposed on 
a dielectric slab (8) and operative with microstrip 
circuitry. By suppressing the fundamental mixing 
products, mixing the radio frequency signal with the 
second harmonic of a local oscillator (LO) signal and 
using relative phase differences of the LO signals in 
the two pairs (60, 62) of diodes, undesirable effects 
from spurious signals are minimized. The radio fre- 
quency energy is coupled through a waveguide (90) 
to the diode pairs (60, 62), and the intermediate 
frequency from the radio frequency and the second 
harmonic of the local oscillator frequency is coupled 
to a quadrature hybrid {70) which supplies the de- 
sired intermediate frequency at an output port (76) 
and suppresses undesired frequencies at a termi- 
nated port (80). Bandpass filters (30, 32). low pass 
filters (40, 42). and local oscillator frequency chokes 
(50, 52) limit propagation in the microstrip circuitry. 
A phase shifter (20) in one path (16) for the local 
oscillator frequency inserts a 90* phase delay for 
the second harmonic, relative to the other path (14). 
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SUBHARMONIC MIXER 



Background of the Invention 

Tnis invention pertains generally to balanced 
: mixoir, and particularly to a balanced mixer 
wherein pairs of diodes are arranged to form a 
• - - 1 cubharmonic mixer. - 
In a typical radar receiver, it is desirable to 
reduce any undesirable effect of spurious signals 
by tho use of appropriate line filters to selectively 
. - attsrvjato any spurious signals. Such circuitry in- 

creases the complexity of the receiver and de- 
creasos receiver performance. As technology im- 
proves, radar signals at higher and higher fre- 
, r. ^ ^ quencies are possible. At higher frequencies, com- 
ponent insertion losses increase and components 
of any known type of mixer used at higher fre- 
quencies have a greater effect in limiting the sen- 
■ * sitivity of the receiver. It is, therefore, desirable to 
provide a mixer with inherent filtering properties, 
such mixer being capable of suppressing spurious 
and image signals, having a low conversion loss 
and being physically simpler than typical mixers. 

Summary of the Invention 



as each LO sicr ^l is applied to a respective pair cf 
diodes. A^fllsOltermertiate^ 
byctheifirM:p^r3fidiode^n d appl ied toithe^rst 
pbrt-of the ^i^;ature^h^bjidr:A second'inte rmedij 
s ate IF signlOil^pr^crseg^^ cf 
diode^aTOIaiyff^ 
- tura hybrid : ?The ^ftrst in termc^iEtellc^ignai^having 
a phase that:ie^sTbyIS?ilthe phas e of the seco nd^ 
iritenTi ediate-ir^sig nalri^j^'rrirned ^Vthe-s econd^ 
10 interrn^iateTIF^ignin^ 
r profiuceTaTtot~!:£es^ 

the qu^ratureT^clid^ first and second image IF 
signal produce : 'cy the first and second diode pair, 
respectively, are; also applied to the first and see- 
rs ond ports t i respectively, of tho quadrature hybrid. 
The first image IF signal, having a phase that lags 
by 90* the phase of the second image IF signal, is 
summed with the second image IF signal in the 
quadrature hybrid to produce a total image IF sig- 
20 nal at the fourth port of the quadrature hybrid. 
Hence, the desired IF signal and the image IF 
signal are separated by the quadrature hybrid into 
two distinct ports such that the desired IF signal is 
then processed while the image IF signal is termi- 
25 nated. Thus the invention provides waveguide ex- 
cited enhancement and inherent rejection of inter- 
ference in a subharmonic mixer. 



With the foregoing background of this invention 
in mind, it is a primary object of this invention to 
provide a mixer inherently adapted to suppress 
both spurious and image signals without requiring 
separate filters. 

Another object of this invention is to provide a 
mixer having low conversion loss using signal en- 
hancement 

Still another object of this invention is to pro- 
vide a mixer having physical simplicity. 

A still further object of this invention is to 
provide a mixer wherein high peak power protec- 
tion is not needed. 

The foregoing and other objects of this inven- 
tion are met generally by a mixer using two pairs 
of anti-parallel diodes as mixing elements disposed 
on a thin substrate, each pair of diodes producing 
an intermediate frequency signal which is applied 
to a respective port of a quadrature hybrid having 
four ports. The substrate is positioned in the trans- 
verse plane of a waveguide so that the diodes 
intercept the RF energy in the waveguide. A local 
oscillator signal is applied to an input port of a 3 
dB power divider producing a first and second local 
oscillator (LO) signal, the second LO signal being 
delayed 45° in phase, producing a 90° phase shift 
for the second harmonic of the second LO signal 



30 Brief Description of the Drawings 

For a more complete understanding of this 
invention reference is now made to the following 

35 description of the accompanying drawings wherein: 
FIG. 1 is an isometric view, somewhat distorted, 
the better to illustrate details, of a subharmonic 
mixer according to this invention; 
FIG. 2 is a schematic diagram of the subhar- 

40 monic mixer according to this invention; and 

FIG. 3 is a sketch illustrating, in the "small- 
signal n case, the relative amplitude and fre- 
quency separation between various signals gen- 
erated in a nonlinear mixing process as used in 

45 this invention. 



Description of the Preferred Embodiment 

50 

Referring now to FIG. 1 , circuit elements of a 
subharmonic mixer 100 are shown to be an oscilla- 
tor port 12, a radio frequency (RE)j'rij5ut port 92, a 
3 dB divider 10, a first and a second branch arm 
14, 16, a first and a second bandpass filter 30, 32, 
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a first and a second low pass filter 40, 42, a first 
ano a second par 60, 62 of diodes, a first and a 
second local:osci!l^r(LQ);ehoke 5QrJ2.ia quadra- 
ture hybrid 70 connected to the first and second 
LO choke 50. 52 at ports 72, 74, as shown, an 
output port 76 and a matched load 80 connected to 
the quadrature hybrid 70 at port 78. The just- 
mentioned circuit elements (except for the RF input 
pert 92) are printed circuit elements disposed on 
one surface (not numbered) of a dielectric slab 8. A 
ground plane 6 is formed on the opposing surface 
(except the portion of such surface defined by the 
inside of a section of waveguide 98). As described 
hereinafter, a radio frequency signal (at a frequen- 
cy, «>rf) incident on input port 92 passes through a 
section of waveguide 90 to be mixed in the first 
and the second pair 60, 62 of diodes with an even 
order harmonic (here a second harmonic derived 
from a local oscillator signal (at a frequency (©lo) 
introduced at oscillator port 12. The intermediate 
frequency (IF) signal at the output port 76 then has 
a frequency a> & equal to (oirf- 2«l 0 >. 

Referring now to FIG. 2, it may be seen that 
the LO signal is applied to a 3 dB power divider 
10' to be divided into two substantially equal por- 
tions designated as a first and a second LO signal. 
The first LO signal is applied to a bandpass filter 
30*. The insertion loss of the bandpass filter 30' is 
low at the LO frequency and the insertion loss of 
such filter is high at substantially any other fre- 
quencies of interest here. After passing through 
bandpass filter 30', the first LO signal is applied to 
a low pass filter 40' and to an LO choke 50\ The 
insertion loss of the low pass filter 40 at the RF 
frequency and image frequency is high. At the LO 
and IF frequencies the insertion loss of the low 
pass filter 40' is low. The insertion loss of the LO 
choke 50' is high for all frequencies above the 
derived IF frequency, so the first LO signal is 
passed only through the low pass filter 40 . After 
passing through the low pass filter 40 , the first LO 
signal is applied to the pair 60 of diodes 60a, 60b. 
Pair 60 is referred to as an anti-parallel diode pair, 
meaning that the two diodes 60a, 60b are con- 
nected in parallel with the anode of each one 
connected to the cathode of the other. If the in- 
dividual diodes, here diode 60a and 60b, are 
matched or approximately identical to each other, 
the relative phase and amplitude of an IF signal 
created by the fundamental mixing response in 
each diode is such that the IF signal is cancelled 
as the IF signal attempts to leave the diode pair 60. 
The IF signal exists in the diode pair only. When 
LO and RF signals are applied to the diode pair 60, 
diode 60a will conduct during each positive going 
half cycle of the beat frequency signal, i.e., the IF 
signal, and will be nonconductive during the nega- 
tive going half cycle. Diode 60b will only conduct 



when diode 6Cc ; aoncoiiduc^ve. It follows that the 
conductance w-v < forms generated by the diodes 
60a, 60b, are r.; outct-phase. Consequently, the 
individual IF cvy. .ntsout o* the diodes 60a, 60b 

5 are 180* out-c !.ase. In e&eci, each one of the 
diodec 60a, GC; terminates tho other in a short 
circuit at beat v/equencies corresponding to the 
fundamental ir -requer.cy and odd harmonics 
thereof. The -fcv ■ current that flows in the lead 

to connected to r <• 60 °~' diodes will contain only 
those odd nw products having frequencies for 
which M + N an odd integer where, M is an 
integer representing an even multiple of the LO 
frequency and N is an integer representing an odd 

15 multiple of the T.F frequency. 

Referring rv.mentariiy to FIG. 3, with an RF 
signal having a frequency of 11 GHz and a LO 
signal having a frequency of 5 GH2 applied to the 
pair 60 of diodes (FIG. 2), a frequency spectrum of 

20 the resulting mixing products is shown. The solid 
lines represent frequencies which aro present in 
the output lead of the pair 60 of diodes. The 
dashed lines represent frequencies which are in- 
herently suppressed and although existing in the 

25 circulating current, do not appear in the output lead 
of the pair 60 of diodes. Only the fundamental RF 
signal is considered because the level of higher 
odd harmonics of the RF signal produced by the 
mixing response is ordinarily so low as to be in- 

30 significant. As to be described hereinafter, it is 
noted note that the frequency present on the output 
lead of the pair 60 of diodes resulting from mixing 
of the fourth harmonic of the first LO signal and the 
RF signal is an internally created image signal 

35 having a frequency equal to the difference between 
four times the LO frequency minus the RF fre- 
quency. Therefore, since the RF signal is applied 
as the upper sideband of the second harmonic 
signal, meaning the RF frequency is higher than 

40 the second harmonic frequency, then the image 
signal is the lower sideband. 

An RF signal incident on pair 60 of diodes will 
heterodyne with the second harmonic of the local 
oscillator signal to produce a first intermediate sig- 

45 nal (2 LO-RF) having a frequency, o> IF , also known 
as the difference frequency, which is equal in fre- 
quency to the difference between twice the fre- 
quency of the local oscillator signal and the fre- 
quency of the RF signal. A sum signal (2 LO + RF) 

50 is also produced having a frequency equal to the 
sum of twice the frequency of the local oscillator 
and the frequency of the RF signal, as well as 
signals at other frequencies that appear in the 
output of the pair 60 of diodes. However, it will 

55 become apparent that such signals may be attenu- 
ated by an appropriate fitter. 

The signals produced by pair 60 of diodes are 
applied to low pass filter 40' with a pass band 
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centered at <3h=. As stated earlier, low pace filter 40 
has a high insertion loss at the image frequency 
and the RF frequency and a low insertion loss at 
the LO and IF frequency. Consequently, signals 
with frequencies outside the pass band are blocked 
from the signal path by low pass filter 40', meanly 
that only the first intermediate signal (at frequency 
<bif) of the signals created at pair 60 cf diodes 
passes through the low pass filter 40 . Upon leav- 
ing the low pass filter 40', the first intermediate 
signal is passed to LO choke 50 which has a high 
insertion loss at the LO frequency and a low inser- 
tion loss at the IF frequency <uif. Thus, LO choke 
50' will allow the first intermediate signal to pass 
through while preventing the LO signal from pass- 
ing through. It should also be noted that LO band- 
pass filter 30' has a high insertion loss at the IF 
frequency thus preventing the first intermediate 
signal from traveling in that direction. Upon leaving 
LO choke 50 , the first intermediate signal is ap- 
plied to first port 72 (an input port} of quadrature 
hybrid 70 . Quadrature hybrid 70 is described 
hereinafter. 

Looking now at the second LO signal, upon 
leaving the 3 dB power divider 10 , the phase of 
the second LO signal is delayed by 45° by phase 
shifter 20 (which corresponds to a 90* delay at 
the second harmonic) before being applied to ban- 
dpass filter 32'. It will be evident now that, because 
the circuitry in the output line of the pair 62 of 
diodes 62a, 62b corresponds with the circuitry in 
the output line of the pair 60 of diodes 62a, 62b, a 
second intermediate signal appearing at the sec- 
ond input port 74 of quadrature hybrid 70 will 
correspond with the first intermediate signal ap- 
pearing at the first port 72' of the quadrature hybrid 
70. 

It will be appreciated by those of skill in the art 
that at ports 72', 74' the first intermediate signal 
will have a phase that leads by 90* the phase of 
the second intermediate signal. Alternatively, it will 
be appreciated that when the second harmonic 
signals mix with image signals to produce a first 
and second image intermediate signal, respective- 
ly, at ports 72', 74', the first image intermediate 
signal will have a phase that lags by 90° the phase 
of the second image intermediate signal. Therefore, 
at ports 72', 74' of quadrature hybrid 70\ the first 
intermediate signal at port 72 will have a phase that 
leads by 90° the phase of the second intermediate 
signal at port 74'. Using the quadrature hybrid 70 
to combine the first and second intermediate sig- 
nals, such signals will add at port 76' producing an 
IF signal and cancel at port 78. Alternatively, since 
the first image intermediate signal at input port 72 
will have a phase that lags by 90* the phase of the 
second image intermediate signal at input port 74 , 
the quadrature hybrid 7o' will combine such signals 



such that the signals add at port 78, producing an 
image IF signal, and cancel at port 76 . Therefore, 
the IF signal and the image IF signal are separated 
by the quadrature hybrid 70 into two distinct ports 
5 76', 78'. The desired IF signal is then processed 
while the image IF signal is terminated in the 
matched load 80' (also known as a termination load 
80.) 

Referring now to FIG. 1, an illustrated embodi- 

70 ment using conventional microstrip techniques to 
fabricate the contemplated circuitry on one surface 
of the slab 8 is shown. In the illustrated embodi- 
ment an input LO signal is applied at oscillator port 
12. Such signal is divided substantially equally by 

15 3 dB power divider 10 into a first and second LO 
signal. The first LO signal travels along first branch 
arm 14. Branch arm 14 is segmented in a known 
manner to form the bandpass filter 30 so that only 
signals at <*io may pass (meaning that signals at 

20 may not pass) over the arm. The first LO signal 
continues passing through low pass filter 40 and is 
applied to pair 60 of diodes. The second LO signal 
travels along second branch arm 16 which includes 
phase shifter 20, a section of the arm adapted to 

25 delay by 45* the phase of the second LO signal 
(which corresponds to a 90° delay at the second 
harmonic). Branch arm 16, (ike branch arm 14, is 
segmented in a known manner to form a bandpass 
filter 32. Following branch arm 16 the second LO 

30 signal continues, passing through low pass filter 42, 
and is applied to pair 62 of diodes. 

An RF signal having a frequency, Wrf, incident 
on RF input port 92, travels along waveguide 90, 
striking pairs 60, 62 of diodes. Waveguide 90 is 

35 mounted on the slab 8 such that the pairs 60, 62 of 
diodes intercept the RF signal in the waveguide 90. 
RF signals not striking the pairs 60, 62 of diodes 
travel down waveguide 98 which is mounted op- 
posite waveguide 90. Termination end 96 absorbs 

40 stray RF signals while maximizing the RF signal 
across the pairs 60, 62 of diodes. A first and a 
second groove 64, 66 extending to the ground 
plane 6 partially encircle pairs 60, 62 of diodes, as 
shown, such that as waveguide 90 is mounted on 

45 slab 8, waveguide 90 is firmly grounded through 
grooves 64, 66 to ground plane 6 while diodes to 
low pass filters lead connecting pairs 60, 62 of 
diodes to low pass filters 40, 42, respectively. 

It should be noted that typically R.F. limiters 

50 are needed to protect the R.F. mixer diodes from 
high peak power burnout, but due to the anti- 
parallel feature of the diode pair, high peak power 
protection is not needed. When the voltage across 
a diode pair exceeds a few tenths of a volt, the 

55 diode having forward conduction in the diode pair 
conducts, thus preventing the voltage from increas- 
ing further. 

As described hereinbefore, RF signals incident 
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on the pairs 60, 62 of diodes mix with tie second 
harmonic signals produced by the pairs 60, 62 of 
diodes when excited by the LO signals respectively 
to produce a first intermediate* signal in pair 60 of 
diodes and a second intermediate signal in pair 62 s 
of diodes. Each of the pairs 60, 62 cf diodes will 
also produce an image signal and an image inter- 
mediate signal, ac appropriate. A portion of each of 
the internal image signals as created in each pair 
60, 62 of diodes sends a portion of the signal io 
having a phase opposite the other signal along the 
waveguide 90 and each portion cf the image signal 
cancels the other so that the total internal image 
signal transmitted along the waveguide 90 to the 
source (not shown) is zero. Such a feature of the is 
mixer 100 is an inherent property and is accom- 
plished without R.F. signal filtering. 

The first intermediate signal passes through 
low pass filter 40 and travels along microstrip lead 
54. through choke 50, and is applied to port 72 of 20 
quadrature hybrid 70. Low pass filter 40 (also re- 
ferred to as image filter 40) is incorporated in a 
known manner into the microstrip lead to reflect the 
internally created image signal which is traveling 
along the microstrip lead, back to the pair 60 of 25 
diodes where such signal is reconverted to en- 
hance the desired IF signal. The image filter 40 
reflects the image signal such that the signal cre- 
ated adds in phase to the first intermediate signal, 
thereby enhancing the first intermediate IF signal. 30 

It will be appreciated by those of skill in the art. 
since mixer 100 has a signal enhancement feature, 
the requirement for a low noise amplifier in a 
receiver (not shown) may be eliminated. LO choke 
50 is incorporated in a known manner using two 35 
quarter-wave open stubs into microstrip lead 54 to 
reject the LO signal, thus preventing the LO signal 
from traveling along microstrip lead 54. It should be 
evident that bandpass filter 32, low pass filter 42, 
LO choke 52 and pair 62 of diodes correspond to 40 
bandpass filter 30, low pass filter 40, LO choke 50 
and pair 60 of diodes so that the second intermedi- 
ate signal will appear at the second port 74 of 
quadrature hybrid 70. It will be appreciated by 
those of skill in the art, since the LO frequency of 45 
5GHz is approximately half that of the image fre- 
quency (4LO-RF). filters with excellent isolation be- 
tween the image signal and the LO signal can be 
readily achieved. 

Quadrature hybrid 70 may be of any type. 50 
having four ports and functioning as the one de- 
scribed herein. Quadrature hybrid 70 is a four port 
hybrid junction, disposed on the slab 8, having a 
first and second port 72. 74 used as input ports 
and a third and fourth port 76, 78 used as output 55 
ports. Thus, quadrature hybrid 70 is adapted to 
transfer, entirely and equally, signals from the first 
port 72 to the third and fourth ports 76, 78, with the 



signal at the fourth port 78 having a phase that 
leads by 90* the phase of the signal at the third 
port 76. Furthermore, quadrature hybrid 70 is 
adapted to transfer, entirely and equally, signals 
from the second port 74 to the third and fourth 
ports 76, 78 with the signal at the fourth port 78 
having a phase that lags by 90* the phase of the 
signal at the third port 76. As described herein- 
before, the relative phase differences between the 
first and second intermediate signal and the first 
and second image intermediate signal applied to 
the ports 72, 74 of quadrature hybrid 70 cause the 
quadrature hybrid 70 to separate the desired IF 
signal from the image IF signal. 

It should now be readily apparent that an exter- 
nal image signal incident on the pairs 60, 62 of 
diodes will be rejected by the disclosed invention 
as well as the internally created image signal. Also, 
two undesired signals having a difference frequen- 
cy equal to the IF frequency will not affect the 
mixer since this type of excitation is analogous to 
fundamental mixing and is inherently cancelled by 
the antiparallel pair of diodes. 

Having described this invention, it will now be 
apparent to one of skill in the art that changes 
could be made without departing from the inventive 
concepts. For example, the fourth harmonic of the 
LO signal could be used to mix with the RF signal 
to produce a desired IF signal and an appropriate 
phase shift performed on the second LO signal to 
produce the desired results in the mixer. It is felt, 
therefore, that this invention should not be restrict- 
ed to fts disclosed embodiment, but rather should 
be limited only by the spirit and scope of the 
appended claims. 



Claims 

1. In microstrip circuitry wherein a ground plane is 
formed on one surface of a slab fabricated from a 
dielectric material and printed circuitry is formed 
on a second opposing surface of the slab to define 
signal paths for a local oscillator (LO) signal out of 
a local oscillator and for beat frequency signals 
including at least a desired IF signal, the printed 
circuitry being disposed to form a heterodyning 
arrangement responsive to coupled RF signals and 
to the LO signal to produce the desired IF signals, 
such circuitry comprising: 

(a) a 3 dB divider having an input port for 
receiving the LO signal and a first and a second 
output arm dimensioned to produce a M^l uriu a 
second LO signal with a phase difference of 45* 
between such signals; 

(b) a first pair of diodes, each having an anode 
and a cathode, connected between the first out- 
put arm of the 3 dB divider and the ground 
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plane, the anode of each one of the diodes 
being connected to the cathode of the other one 
of the diodes, the first pair of diodes also being 
optically coupled to RF signals, to produce a 
first spectrum of IF signals including a first por- 
tion of the desired IF signals; 

(c) a second pair of diodes, similar to the first 
pair of diodes, connected between the second 
output arm of the 3 dB divider and the ground 
plane, the second pair of diodes also being 
optically coupled to RF signals, to produce a 
second spectrum of IF signals including a sec- 
ond portion of the desired IF signals in quadra- 
ture with tbe first portion of desired IF signals 
from the first pair of diodes; and 

(d) a quadrature hybrid having a first and a 
second input port and a first and a second 
output port, such first input port being respon- 
sive to the first portion of the desired IF signals 
from the first pair of diodes and such second 
input port being responsive to the second por- 
tion of the desired IF signals from the second 
pair of diodes with said first portion and said 
second portion of the desired IF signals being 
substantially in phase at the first output port and 
substantially 180° out-of-phase at the second 
output port. 

2. The microstrip circuitry as in claim 1, such 
circuitry further comprising a first and second low 
pass filter, each low pass filter having a first and 
second lead, the first low pass filter disposed in 
series between the first output arm of the 3 dB 
divider and the first pair of diodes such that the 
first lead of the first low pass filter is connected to 
the first pair of diodes and the second lead of the 
first low pass filter is connected to the first output 
arm and the second low pass filter disposed in 
series between the second output arm of the 3 dB 
divider and the second pair of diodes such that the 
first lead of the second low pass filter is connected 
to the second pair of diodes and the second lead 
of the second low pass filter is connected to the 
second output arm. 

3. The microstrip circuitry as in claim 2, such 
circuitry further comprising a first and second ban- 
dpass filter, the first bandpass filter disposed in 
series between the first output arm of the 3 dB 
divider and the second lead of the first low pass 
filter and the second bandpass filter disposed be- 
tween the second output arm of the 3 dB divider 
and the second lead of the second low pass filter. 

4. The microstrip circuitry as in claim 3, such 
circuitry further comprising a first arid second local 
oscillator (LO) choke, the first LO choke disposed 
in series between the first input port of the quadra- 
ture hybrid and the second lead of the first low 
pass filter and the second LO choke disposed in 
series between the second input port of the 



quadrature hybi id and tho cex.id l6ad of the sec- 
ond low pass filter. 

5. The microetrip circuitry an in claim 4 wherein 
each diode of the first and second pair of diodes is 

s a gallium arsenide diode. 

6. The microstrip circuitry as in claim 5 further 
comprising a termination load connected at the 
second output port of the quadrature hybrid. 

7. The microstrip circuitry as in claim 6 wherein 
to each of the first and second low pass filters com- 
prises means for reflecting an internally created 
image signal back toward the respective pair of 
diodes. 

8. The microstrip circuitry as in claim 7, having 
is additionally a waveguide capable of propagating 

the R.F. signal, the waveguide disposed such that 
the pairs of diodes are substantially at the center of 
the waveguide. 

9. The microstrip circuitry as in claim 8 having 
20 additionally a waveguide, the waveguide further 

comprising means for terminating the RF signals 
propagating in the waveguide such that the RF 
signals are maximized at the pairs of diodes. 

25 



30 



35 



40 



45 



50 



55 



6 



EP 0 420 553 A2 



RADIO FREQUENCY 
SIGNAL, cd RF 




7 



EP 0 420 553 A2 




8 



EP 0 420 553 A2 



ja+oi* 

019 



ja+oic 
ois-« — 



O Ujii 



JM + 01Z 
01* - 



dH + OT 

oie-»— 



012-«- — - 



on- jm^ 
ja-oi£^- 



— 3 
ro 



K> ft 
li. 



04 



iO 
CV1 



CV1 

O 
CJ 



JO 



g 
to 



